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© Stereolithographic apparatus and method of use. 

© A stereolithographic apparatus (10) is disclosed 
comorisinq a vat (12). a working surface in the vat 
l7 n elating mechanism (18) for controlling he 
evel of liquid (14) within the vat relative _to .the 
working surface (18), an illuminator, source for emrt 
ting radiation, and an area array deformable mirror 
device. The illumination source emits radiation , w ch 
is operable to harden a stereolithographic liqu^ (14) 
while the deformable mirror device ,s operable to 
ref ,ect the incident radiation onto ° f ^ 
liquid (14). The deformable m.rror dev.ce can harden 
an entire lamina of liquid in one brief exposure 
interval increasing throughout without sacnficng res- 
olution. 




FIG. 1a 
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T^CHNICALRE^ 

This invention relates in general to electro- 
optical devices, and, more particularly, to a 
steTeolithographic apparatus and method of use. 

BACKGROUNDOFT^^ 

„ la e, is used to harden the IK.uk P*™^™ 

nbiect to be produced as a series oi =>«4 
a rs of laminas. typicaHy 1/I00th of an .nch m 

SJ^^S^^ — ^ The 

% otced as a layer of hardened polymer T 

model produced by stereolithography may be used 
Z testing and evaluation of engineering designs. 
S Sng 9 purposes and for tow volume manufac- 

methods are limited by at least ^ C ^S* 
First the use of an x-y scanner limits the speed rjy 
w Sh a laser beam may be scanned on to a «mrf 
II resin to approximately 55 inches per second. 
T^soeed coupled with the high vertical resolu- . 
L oT he process, results in lengthy product™ 
me and low product output. Second, .the us , of a 
pTrticular laseJ as the illumination 
type of liquid resin that may be used n the , sys 
Each resin has an individual reaction to var 
oTs w ve enTths of electromagnetic radiation 
Typical . each resin may be hardened by only one 
Jne of laser This results in little or no ability to 
chang he resin composition without expense 
ha^ware changes. Also, not all wavelengths , of 
a iation may be produced as ^ 
precludes the use of certain res.ns because 

^^."as arisen tor a stereolithog- 
ra pJc apparatus which allows for high i product 
output and which is compatible w.th a wrier range 
stereolithographic resins. 



SUNlMARYOfJ^ 



Sy T S stereolithographic apparatus is disclosed 
• . It for receiving a stereolithographic 
rTaworkinl ZlcZul the vat, an elevating 
10 Sani S rrc S o U ntrol.ing the level of the Kquid , 

source emits radiation which is operable to harden 
"Z'SSLl advance o, me disdosed 

thr ° U A 9 second technical advantage of the device is 
„ its flexSity. Almost any illumination source may 
Z used with the deformable mirror dev.ce. The 
umtalrsource can therefore be tailored to the 
particular resin so used and may, in fact, 
inexpensive incandescent light bulb. 

A third technical advantage of the d sclosea 
• is its cost Deformable mirror dev.ces are 

SSSiSSln mass produced quantities at 

^tocS 

ensure intervals. Resolution will meanwhile re- 

40 main high. 

BRiEFDESCRIPJ^^ 

For a more complete understanding of the 

"ken in conjunction with the accompanying draw- 

,nB> R Suta 1. through 1. illustrate one sequence 
50 o! steps for producing a mode, using the 
stereolithographic process; nar «aiiv 
FIGURE 2 is a partially perspective, part.ally 
schematic illustration of an exposure head con- 
STo one embodiment of the <«*^ ^ 
55 tion for use in the process depicted .n FIGURES 

^3 depicts perspective* an area array 
dSmable mL device useful in the exposure 
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R G U R E 4 depfcts schematically how the expo- 
se head of FIGURE 2 m ay be combined w, 
similar exposure heads to increase possible 

SSTrSTSS* P-Pectiveiy how the expo- 
sure head of FIGURE 2 may be articulated to 
cure a larger film size. 

DETA|^DDESCRi™ 

The preferred embodiment of the present in- 
vention and its advantages are best understood by 
efe S g to FIGURES 1 through 4 of the drawings, 
like numerals being used for like and correspond- 
ina parts of the various drawings. 
' n9 F,GUREs 1. through 1. illustrate one se- 
quence of steps for producing a model us.ng the 
stereolithographic process. 

(a) Stereolithographic apparatus ( SLA ) iu 
comprises vat 12 for receiving a stereolithog- 
raphic liquid 14, a working surface 16, an eleva- 
tor 18 tor controlling the level of the liquid 
relative to the working surface 16, and an expo, 
sure head 20 for curing selected portons of the 
resfn as will be described more fully below The 
stereolithographic liquid may be a resin o. ^ 
polymer, as is well known to those skilled m the 
art SLA 10 may also comprise a liquid applica- 
tor' 22 for ensuring a uniform liquid thickness at 
each modeling stage. 

in operation, a thin film of liquid is applied to 
working surface 16 by, for instance, raising ele- 
ctor ?8 within vat 12. Elevator -1 8 wi. cause 
,iquid 14 to rise through perforations 24 to form 
a thin film on working surface 16. Exposure 
head 20 then cures selected portions of the 
uid film by directing ^o^ne^r^ 
thereto. Exposure head 20 is controlled by c.r 
cuitry (shown in FIGURE 2) that interprets data 
o he object to be so modeled. The data rep e- 
ents the object as a series <* ™ 
layers or laminas which, when stacked on top of 
each other form the complete object. Typically 
computer-aided design ("CAD") data may be 
moot easily converted into sequential layers or 
laminas of the model to be produced 
(b ) Elevator 18 again rises to cause liquid 14 to 
cover the previously cured layer 26 
("workpiece") resting on working surface 26 ^with 
a second film of liquid. This second layer of 
"quid will cover both the cured and uncured 
portions of the first layer. Applicator 22 may also 
spray a small count Of liquid onto workpiece 26 
o ensure uniform film coverage of the work^ 
piece 26. Each film is approximately one 
1/1 00th of an inch thick. 



(c) Exposure head 26 cures the second layer of 
liquid applied in FIGURE 1b as described .n 
connection with FIGURE. 1 a. 

(d) The steps in FIGURES 1a through 1c are 
Sin repeated until the entire part 28 has been 

fe) Complete part 28 may then be amoved from 
SLA 10. Under certain conditions us.ng certain 
liquids, it may be necessary to cure part 28 .n 
an oven (not shown) prior to its use. 
An SLA, similar to that depicted in FIGURES Ma 
through le, may be purchased frorr ,30 ^sterns 
, nc of Valencia. California or from Quadrax Laser 

regies, Inc. of »^™*JZ% 
75 The 3D Systems' SLA employs a HeCd laser witn 
a wavelength of 325 nm. The 3D System differs 
11 the process described above. .1 ■ «*c^ 
lowers the working surface below the surface of 
ES instead of raising the liquid relative to the 
20 working surface. There, the formed object ,s slowly 
Emerged as it is produced on the surface o *e 
liquid. The Quadrax Laser Technologies SLA uses 
an argon-ion visible light laser in the P^ess de- 
scribed in connection with FIGURES 1a-1c. Other 
25 SL^ designers use ultraviolet ("UV") lasers to har- 
den stereolithographic liquids. nnrHs ,ii v 
FIGURE 2 is a partially perspective, partially 
schematic illustration of an exposure head 20 con- 
Sng one embodiment of the disciosec invent, n 
,„ for use in the process depicted in FIGURES 1a 
30 th ro Jh e. The'exposure head 20 comprises an 
5 mLon source 30 an area array deformable 
mirror device ("DMD") 32, two lenses 34 ^6 36 
and control circuitry 38. Illumination source 30 em 
35 t rSa ion that is operable to harden a . particular 
SLA liquid. Lens 34 more uniformly illuminates 
DMD 32 than would otherwise occur w.^out >L 
Lens 36 focuses and magnifies the light reflected 
off of DMD 32 onto the working surface 16 (shown 
40 in FIGURES 1a-1e). DMD 32 is an elecWKjjca. 
device containing a regular n x m array of m,r ors 
manufactured by Texas Instruments Inc. of Da aj 
Texas Each mirror may be electronically controlled 
to e ect incident radiation along one of a olura 
45 of optical pathways. In the preferred embodiment, 
DMD 32 comprises a matrix of bistable mirrors, e 
there are two optica, pathways for each m.r ror. 
Summation source 30. DMD 32, and lenses 34 and 
36 are positioned such that light impinging upon 
so DMD 32 from illumination Source 30 may be to- 
50 cused onto a thin film of SLA resin if, and only A 
one of the two optical pathways is se lected Jhe 
optical pathway of radiation emitted from illumina- 
tion source 30 is depicted by the converging and 
55 diverging dashed lines. Each ^ejnru^ 
DMD 32 is controlled by circuitry 38 which inter 
prets data from a processor (not shown) Circuitry 
38 may be located elsewhere or may be integrated 



3 



EP 0 549 993 A1 



visible light lasers. 0 „ ortivP | V a n area array 

ually addressable bistable m.rrors. Each m. ro 

in FIGUHb to ouio resolution as 

such a case. J» « ^ o| 4x . 6x . 

FIGUKt ^ -tiled" to cover an 

heads 20 may be combined or ^ 
area of, for instance 8 x 16 squa 
allows the user to maintain the same n ign u i « 
o Solution described in connection w,h ^URE 

In such a tiled configuration, each exposu 

increase maximum model »»• tead 

FIGURE 5 depicts how a single expo»u 
2 0 may be mould on a positioning device 46 
l^edom o, movement in two^on ^ . 
single exposure head 20 may thereby £ 

claims. 



Claims 

,eve. of the liquid in the vat re.at,ve to the 

working surface; and exposure 
at least one exposure head, eacn expu&u 

Sm an image on the surface of the l.qu.d. 
2 The stereolithographic apparatus of Claim , 1 

vice. 

25 exposure head in two dimensions. 

4 . The -"-^J-T^ST* 

IC'^rra^otormabiemirrorde- 

30 vice * 

the working surface. 



35 



40 



face into the liquid, 
photoactive agent. 

photoactive agent. 

9 . A stereolithographic 

with a stereolithooraphic apparatus, fhe expo 

".t*? S». **** -esPOn- 

„pS Uh«»y». » ™"°" 1 <" m " ,! » 
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and 

control circuitry responsive to input data 
operable to select one of the plurality of path- 
ways along which each of the mirrors will re- 
flect incident radiation to form an image. 

10. The stereolithographic exposure head of Claim 
9 wherein said plurality of pathways comprise 
two pathways. 

11. The stereolithographic exposure head of Claim 
9 further comprising a lens for magnifying the 
image of the plurality of mirrors. 

12. The stereolithographic exposure head of Claim 15 
9 further comprising a positioner for moving 

the head in two dimensions. 

13. A method of forming a mode! of cured resin 
comprising the steps of: 20 

applying a thin film of stereolithographic 
liquid to a surface; 

illuminating a plurality of deformable mir- 
rors with radiation operable to cure the liquid 
resin; and 25 

deflecting certain of the mirrors such that a 
portion of the radiation is directed to the film of 
liquid, the directed radiation curing a portion of 
the resin, the portion of the resin forming at 
least part of a lamina of the model. 30 

14. The method of Claim 13 further comprising the 
step of sequentially repeating the applying, 
illuminating and deflecting steps until the se- 
quence of laminas, forms the model. 35 

15. The method of Claim 13 further comprising the 
steps of: 

moving the plurality of deformable mirrors 
with respect to the thin film; and 40 

curing the uncured portions of the lamina 
of the model. 

16. The method of Claim 15 further comprising the 
step of sequentially repeating the applying, 45 
illuminating, deflecting, moving and curing 
steps until the sequence of famines forms the 
model. 
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FIG. 1c 



FIG. 1d 
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